We present a comparative computer simulation study of the phase diagrams and anomalous behavior of two-dimensional (2D) and quasi-two-dimensional (q2D) classical particles interacting with each other through isotropic core-softened potential which is used for a qualitative description of the anomalous behavior of water and some other liquids. We have shown that at the low density part of the phase diagram an increase in the width of the confining slit pore leads to a considerable decrease in the melting temperature while at high densities the melting temperature is almost unchanged.
The most popular theory of 2D melting (we will call it the first scenario) is the Berezinsky-Kosterlitz-Tauless-HalperinNelson-Young theory (the BKTHNY theory) [9] [10] [11] [12] [13] (see reviews [14] [15] [16] [17] 37, 38 ), where the melting of a soft disk system described by the potential of the form 1/r n was considered. It was shown that for n < 6 the system melted in accordance with the BKTHNY theory, and for n > 6 -in accordance with the third scenario.
In Refs. On the other hand, in Ref. 34 it was shown that the third melting scenario observed for a real 2D hard disk system 32 persisted for a quasi-2D hard sphere system with deviation of particle motions from the plane to a distance of up to half the particle diameter.
It is well known that confined systems can have many unusual structures, which are not observed in ordinary 3D substances. One of the most important examples is the discovery of square ice which is formed when water is confined between graphene planes 44 .
Many other complex structures were predicted to be formed when water is confined in nanotubes [45] [46] [47] [48] .
Even simple systems like noble gases modeled by the Lennard-Jones (LJ) potential demonstrate complex behavior under confinement [49] [50] [51] [52] . When the LJ system is placed into a slit pore it demonstrates splitting into a different number of layers. Moreover, examining the two-dimensional (2D) structure of these layers showed that their structure changed with the pore width. As the width of the pore increases the structure changes from n layers with a square structure to n layers with a triangular structure, n + 1 square layers, etc.
The main goal of the present paper is to compare the behavior of a purely 2D system with the core-softened potential and a one layer quasi-two-dimensional system (q2D) composed of the same particles and confined in slit pores. This comparison can
give some qualitative hints for understanding the role of confinement in the behavior of systems with core-softened potentials with two length scales, which are used for a qualitative description of water-like anomalous liquid behavior.
In the present paper we consider a coresoftened system which is characterized by the interaction potential 53,54 (see Fig. 1 ):
where n = 14, k = 10 and parameter In the present paper we consider a q2D system with the interaction potential (1) in slit pores of different width. We have shown that the pore width strongly affects the low density triangular phase while the high density part of the phase diagram remains nearly unaffected.
II. SYSTEM AND METHODS
We simulated a system of 20000 particles 
The system was equilibrated for 2·10 7 time steps, with a subsequent 3 · 10 7 simulation run. The time step was set to dt = 0.001. In the present paper we concentrate on the case where only one layer of particles is formed. It takes place when the pore width is H ≤ 1.8.
The case of H > 1.8 will be considered in a further publication. Therefore we introduced a two-dimensional number density of the system: ρ = N/A, where A is the square of the system. All densities below mean this planar density. The density was varied from ρ min = 0.4 up to ρ max = 1.24.
We have found that the system can form several different crystalline phases -triangular and square ones and a dodecagonal quasicrystal. We investigated the limits of stability of these phases and the melting scenarios using the method employed in our previ- 
where θ ij is the angle of the vector between particles i and j with respect to a reference 6 axis and the sum over j is counting the n(i) nearest neighbors of j. The nearest neighbors are defined by the Voronoi tesselation. The average OOP over the whole system gives global orientational order:
The translational order parameter (TOP)
is defined as 11, 12, 15 :
where r i is the position vector of particle i and G is the reciprocal-lattice vector of the first shell of the crystal lattice.
The correlation functions of OOP and TOP which contain information on longrange or quasi-long-range ordering in the system were also calculated in the present work. Orientational correlation function (OCF) G 6 (r) is given by the following expression:
where g(r) =< δ(r i )δ(r j ) > is a radial distribution function. In the hexatic phase the long range behavior of G 6 (r) has the form 
where r = |r i − r j |. Since 2D crystals demonstrate quasi long-range translational order TCF decays algebraically in crystalline
11,12 . In the hexatic phase and isotropic liquid G T decays exponentially.
III. RESULTS AND DISCUSSION
First of all we investigated the distribu- Further densification of the system leads to the appearance of a square crystal (PT3). 8 for the rdfs and diffraction patterns). Finally at high densities the system transforms into a triangular crystal (see Fig. 9 for the rdfs and diffraction patterns). This sequence of phases is analogous to the purely twodimensional system studied in our previous publications [56] [57] [58] [59] [60] .
Having identified all structures in the system we studied their limits of stability and melting scenarios. First we considered the low density triangular phase and its melting.
Similar to the case of the purely 2D system are negligible. Therefore, the phase diagram coincides with that of the purely 2D system. However, at a larger H even if the distribution of density shows a high narrow peak, the out-of-plane motion destabilizes the crystal at lower densities. It is also interesting to note that the temperature of the density anomaly region decreases with an increase in the pore width.
Similar analysis is employed to study the 
IV. CONCLUSIONS
In conclusion, we performed a study of the phase diagram of a core-softened system de- 
